Abstract. microRNA (miR)-6852 has been demonstrated to suppress the progression of gastric, colorectal and cervical cancer. The mechanism by which miR-6852 regulates glioma cells is yet to be elucidated. In the present study, reverse transcription-quantitative PCR analysis was used and the results demonstrated that miR-6852 expression was reduced in glioma tissues and cells. Cell counting kit-8 and transwell assay analysis indicated that proliferation, migration and invasion of A172 cells in the miR-6852 mimic group were lower than in the miR-NC group. Compared with the Inh-NC group, A172 cells of the Inh-miR-6852 group exhibited higher proliferation, migration and invasion. Additionally, the results indicated that lymphoid enhancer binding factor 1 (LEF1) was directly inhibited by miR-6852 and LEF1 expression was negatively correlated with miR-6852 expression in glioma tissues. Furthermore, the restoration of LEF1 reversed the effects of the miR-6852 mimics. The present findings suggested that miR-6852 inhibited glioma cells proliferation, migration and invasion by targeting the suppression of LEF1.
Introduction
Glioma is the most common type of central nervous system tumor in the clinical setting (1) . Gliomas exhibiting a high pathological grade indicate strong invasiveness. In most cases, the boundaries between tumor and normal tissue are blurred and in high-grade patients, can result in the incomplete surgical removal of diseased tissues (1) . In addition, high-grade glioma is more resistant to radiation and chemotherapy (2, 3) . microRNAs (miRs or miRNAs) are a class of endogenous non-coding small RNAs, 18-24 nucleotides in length, that are ubiquitous in viruses and eukaryote cells in highly conserved sequences. It has been estimated that up to 50% of human protein-coding genes are regulated by miRNAs (4) . Each miRNA has the potential to regulate hundreds of RNAs, and their expression is associated with tissue status and disease subtype (5) . miRNAs have been demonstrated to serve an important role in the development and prognosis of glioma. Lv et al (4) reported that low miR-320b expression in glioma was associated with poor patient prognosis. The upregulation of miR-320b enhanced apoptosis and attenuated the proliferation, migration and invasive abilities of glioma cells. Santangelo et al (6) collected serum samples from patients with glioma and observed an increased expression of miR-21, miR-222 and miR-124-3p in the serum exosomes of these patients when compared with healthy participants. Patients with high-grade glioma exhibited increased miR-21, miR-222 and miR-124-3p expression when compared with the other patients with low-grade glioma. Additionally, miR-211 was also indicated to be reduced in glioma, and was closely associated with a decreased patient survival time and considered to be an independent risk factor for glioma prognosis (7) . For high-grade glioma, the upregulation of miR-126 may impair the invasive ability of glioma cells by targeting KRAS, meaning miR-126 could be an effective therapeutic target (8) . Therefore, these genes are considered to be a potential biological target for glioma prognosis and treatment.
Recently, miR-6852 has been demonstrated to be associated with the development of tumors, including those in gastric, colorectal and cervical cancer (9) (10) (11) . The association of miR-6852 with glioma remains undetermined. Therefore, the present study aimed to assess miR-6852 expression in glioma, and further determine the effect of miR-6852 in the regulation of glioma progression.
Materials and methods

Glioma tissue collection.
A total of 32 pairs of glioma tissues (14 males and 18 females; age range, 31-56 years old; median age, 47 years old) and corresponding normal tissues were collected during biopsy from Affiliated Hospital of Hebei University (Hebei, China) between October 2014 and October 2016 for the current study. Normal tissues were derived from the temporal lobes and saddle area 2 cm away from tumor tissues. All glioma tissues were obtained from patients upon first diagnosis of glioma. Among these patients, 18 cases were high-grade and 14 cases were low-grade. All patients did not recieve radiotherapy or chemotherapy prior to surgery. Patients treated by radiotherapy or chemotherapy prior to surgery were excluded. All participates had signed informed consent and the present study has been approved by The Ethics Committee of Affiliated Hospital of Hebei University.
Cell culture. Normal human astrocytes (NHAs; ScienCell Research Laboratories, Inc.) were maintained in astrocyte medium (ScienCell Research Laboratories, Inc.) according to manufacturers protocol. In addition, human glioma cell lines (U251 and A172 cells), purchased from the Type Culture Collection of the Chinese Academy of Sciences were incubated at 37˚C, 5% CO 2 in DMEM (Gibco; Thermo Fisher Scientific, Inc.) containing 10% FBS (Gibco; Thermo Fisher Scientific, Inc.), 100 mg/ml streptomycin and 100 U/ml penicillin (Gibco; Thermo Fisher Scientific, Inc.).
Cell transfection. The mature miR-6852 mimics (5'-CCC UGG GGU UCU GAG GAC AUG-3'), miR-6852 inhibitors (5'-CAT GTC CTC AGA ACC CCA GGG-3') and negative control (NC; 5'-UCA CAA CCU CCU AGA AAG AGU AGA-3') were synthesized and verified by Shanghai GenePharma Co., Ltd. The coding sequence of lymphoid enhancer binding factor 1 (LEF1) was constructed into the pcDNA3 vector (Invitrogen; Thermo Fisher Scientific, Inc.) to generate a pcDNA3-LEF vector for the overexpression of LEF1. The pcDNA3 empty vector was used for overexpressing control. A172 human glioma cells were cultured under the aforementioned standard culture conditions and prepared as a single cell suspension (1x10 6 cells/ml) with serum free DMEM. Cells were subsequently seeded into six-well plates with 1 ml of cell suspension per well. A period of 1 day later, cells were grouped and transfected as follows: miR-NC group (50 nM), cells were transfected with a miR-6852 mimics negative control (50 nM); miR-6852 group (50 nM), cells were transfected with miR-6852 mimics (50 nM); Inh-NC (5'-GCG UAA CUA AUA CAU CGG AUU CGU-3') group (50 nM), cells were transfected with a miR-6852 inhibitor negative control; Inh-miR-6852 group, cells were transfected with miR-6852 inhibitors; and miR-6852 + pcDNA3-LEF1 group, cells were co-transfected with miR-6852 mimics and LEF1 overexpression vectors. Transfection was performed using Lipofectamine 2000™ (Thermo Fisher Scientific, Inc.), according to manufacturer's protocol. After 6 h, successfully transfected cells were confirmed by qRT-PCR analysis and cultured in six-well plates using DMEM containing 10% FBS for 2 days at 37˚C and 5% CO 2 .
Cell Counting Kit (CCK)-8 assay.
A total of 1x10 4 A172 cells of each aforementioned group were inoculated in 96-well plates with 100 µl DMEM, containing 10% FBS, and cultured at 37˚C in 5% CO 2 for 0, 24, 48 or 72 h. At each time point, cells were removed from the incubator, and 10 µl CCK-8 solution (Beyotime Institute of Biotechnology) was added into each well for subsequent incubation for 4 h at 37˚C. The optical density (OD) of each well was monitored using an enzyme immunoassay analyzer (INC-STAR Corp.) at 450 nm.
Transwell experiments. A period of 2 days after transfection, A172 cells of each aforementioned group were prepared as single cell suspensions (1x10 5 cells/ml) with serum-free DMEM. Transwell chambers were inserted into 24-well plates containing 600 µl of DMEM (with 10% FBS) in the lower chamber. On the upper chamber, 100 µl of cell suspension was added with serum-free DMEM. All plates were cultured for 48 h at 37˚C, 5% CO 2 in the incubator. Non-migrated cells were scraped off and migrated cells were fixed using 4% formaldehyde for 30 min at room temperature, stained using 0.5% crystal violet for 30 min at room temperature and counted under a light microscope (magnification, x200). The aforementioned procedure was also used to detect cell invasion except Matrigel (BD Biosciences) was spread onto the Transwell chamber.
Luciferase reporter gene assay. LEF1 was predicted as a potential miR-6852 target using TargetScan7 (http://www.targetscan. org/vert_71/). The LEF1 3'-UTR region was constructed into the pGL3 luciferase reporter vector (Promega Corporation) to generate pGL3-LEF1-wild-type (WT) reporter. The binding site for miR-6852 in LEF1 3'-UTR was mutated to obtain the pGL3-LEF1-mutant reporter. For the luciferase reporter assay, A172 cells in the miR-NC and miR-6852 group underwent subsequent transfection with pGL3-LEF1-WT or pGL3-LEF1-mutant respectively using Lipofectamine 2000™. Cells were incubated at 37˚C, 5% CO 2 for 1 day. Luciferase activity of each well was measured using a Dual-Luciferase Reporter System (Promega Corporation) and normalized to Renilla luciferase activity.
RNA extraction and reverse transcription-quantitative (RT-q) PCR.
Total RNA was extracted from glioma, normal tissues and glioma cell lines using TRIzol reagent (Thermo Fisher Scientific, Inc.). cDNA template synthesis was performed using the Prime Script RT Reagent kit (Takara Bio, Inc.) according to the manufacturer's protocol. The reaction was performed with incubation at 42˚C for 1 h, and the enzyme was subsequently inactivated by incubation at 85˚C for 5 min.. miR-6852 expression was determined using SYBR Premix Ex Taq II (GeneCopoeia, Inc.) according to the following conditions: 10 min of pre-denaturation at 95˚C, followed by 40 cycles of 10 sec denaturation at 95˚C, 20 sec annealing at 60˚C and 30 sec extension at 72˚C. LEF1 mRNA expression was measured using a SYBR Green PCR Master Mix (Applied Biosystems; Thermo Fisher Scientific, Inc.) with the following procedures: 10 min pre-denaturation at 95˚C, followed by 36 cycles of 10 sec denaturation at 95˚C, 20 sec annealing at 60˚C and 34 sec extension at 72˚C. U6 and GAPDH were used as internal references for miR-6852 and LEF1 mRNA expression, respectively. Relative miR-6852 and LEF1 mRNA were processed using the 2-ΔΔCq method (12) . The primer sequences were: miR-6852 forward, 5'-AAC GAG ACG ACG ACA GAC-3' and reverse, 5'-CCC TGG GGT TCT GAG GAC ATG-3'; U6 forward, 5'-GTG CTC GCT TCG GCA GCA CAT-3' and reverse, 5'-TAC CTT GCG AAG TGC TTA AAC-3'; LEF1 forward, 5'-AGA ACA CCC CGA TGA CGG A-3' and reverse, 5'-GAG GGT CCC TTG TTG TAG AGG-3'; and GAPDH forward, 5'-ACC CAG AAG ACT GTG GAT GG-3' and reverse, 5'-TCT AGA CGG CAG GTC AGG TC-3'.
Western blot analysis. Total proteins in each cell sample were extracted using RIPA lysis buffer (Beyotime Institute of Biotechnology). Proteins were then quantified using a bicinchoninic acid kit (Pierce; Thermo Fisher Scientific, Inc.), then 40 µg protein/lane were separated on 10% SDS-PAGE, then transferred to a polyvinylidene difluoride membrane (PVDF) for 2 h. The PVDF membrane was subsequently incubated with 5% skim milk for 1 h at room temperature. Tris buffered saline with Tween 20 (TBST) was used to wash the membrane. LEF1 primary antibody (1:1,000; cat. no. ab137872, Abcam) was used to incubate the membrane for 12 h at 4˚C. Horseradish peroxidase-conjugated secondary antibodies (1:5,000; cat. no. ab7090; Abcam) was then used to further incubate the membrane at room temperature for 2 h. The membrane was washed with TBST 3 times for 15 min each time. LEF1 protein expression was monitored using the Pierce™ ECL Western Blotting Substrate (Thermo Fisher Scientific, Inc.) and quantified using Quantity One software v4.62 (Bio-Rad Laboratories Inc.). GAPDH was used as the internal reference.
Statistical analysis. All data included in the current study was repeated three times and is expressed as the mean ± standard deviation. A Student's t-test was used to analyze the differences between two groups. A one-way ANOVA followed by a Tukey's post-hoc test was used for multiple comparisons. A Pearson's correlation coefficient analysis was used to determine the correlation between miR-6852 and LEF1 expression. SPSS 19.0 (IBM Corp.) was used for statistical analysis. P<0.05 was considered to indicate a statistically significant difference.
Results
miR-6852 expression is reduced in glioma tissues and cells.
Previous reports have indicated the tumor-suppressive roles of miR-6852 in a variety of cancer types, including gastric and colorectal cancer (9) (10) (11) . Therefore, it is reasonable to speculate that miR-6852 may be associated with glioma. miR-6852 expression was assessed using RT-qPCR in 32 pairs of glioma and corresponding normal tissue samples. As demonstrated in Fig. 1A , when compared with normal tissues, glioma tissues exhibited significantly decreased relative miR-6852 expression (P<0.05). Tissues of high-grade glioma (n=18) exhibited significantly decreased relative miR-6852 expression when compared with tissues of low-grade glioma (n=14; P<0.05; Fig. 1B) . miR-6852 expression was significantly decreased in glioma cells (including U251 and A172 cells) when compared with expression in NHA cells (P<0.05; Fig. 1C ).
miR-6852 upregulation inhibits A172 cell proliferation, migration and invasion. A172 miR-6852 expression significantly increased subsequent to transfection with miR-6852 mimics (P<0.05; Fig. 2A) . A period of 72 h after transfection, A172 cells in the miR-6852 group revealed a significantly decreased OD450 value when compared with the miR-NC group (P<0.05; Fig. 2B ). The results of the transwell assay revealed that A172 cells in the miR-6852 group also exhibited a decreased number of migrated and invasive cells when compared with those in the miR-NC group (all, P<0.05; Fig. 2C and D) .
miR-6852 downregulation promotes A172 cell proliferation, migration and invasion. A172 cells transfected with miR-6852
inhibitors and miR-6852 inhibitor negative controls. As presented in Fig. 3A , transfection with the Inh-miR-6852 inhibitor decreased relative miR-6852 expression in A172 cells (P<0.05). This decreased miR-6852 expression significantly enhanced A172 cell proliferation at 72 h subsequent to transfection, as indicated by the higher OD450 value of A172 cells in the Inh-miR-6852 group compared with the Inh-NC group (P<0.05; Fig. 3B ). In addition, the number of migrated and invasive cells of the Inh-miR-6852 group was significantly increased when compared with the number exhibited in the Inh-NC group (P<0.05; Fig. 3C and D) .
LEF1 expression is inhibited by miR-6852.
TargetScan predicted that miR-6852 has a direct binding site with LEF1. Previous studies have also indicated that miR-6852 targets forkhead box protein J1 (FOXJ1) and transcription factor 7 (TCF7) in a variety of other types of cancer (9, 10) . Therefore, in the present study, WT and mutant sequences of LEF1 were constructed (Fig. 4A) . Furthermore, FOXJ1 and TCF7 containing the binding sites for miR-6852 were designed (data not shown). The luciferase reporter gene assay indicated that insertion of LEF1 mutant-type sequences did not influence the relative luciferase activity of A172 cells in the miR-NC and miR-6852 group. However, LEF1 wild-type sequence insertion significantly reduced the relative luciferase activity of A172 cells in the miR-6852 group when compared with the miR-NC group (P<0.05; Fig. 4B ), indicating that LEF1 expression was directly suppressed by miR-6852. Furthermore, the FOXJ1 or TCF7 mutations did not influence the relative luciferase activity in A172 cells (data not shown), indicating that miR-6852 targets LEF1 in glioma. In addition, A127 cell LEF1 mRNA expression in the miR-6852 group was significantly deceased compared with the expression in the miR-NC group (P<0.05; Fig. 4C ). LEF1 protein level was also decreased by miR-6852 (Fig. 4D ). Pearson's correlation analysis demonstrated that LEF1 expression was negatively correlated with miR-6852 expression in glioma tissues (Fig. 4E) .
LEF1 overexpression reverses the impaired proliferation, migration and invasion of A172 cells induced by miR-6852.
LEF1 protein expression in A172 cells was markedly upregulated after transfection with pcDNA3-LEF1 overexpression vectors (Fig. 5A) . A172 cell proliferation, migration and invasion in the miR-NC + pcDNA3 vector group, miR-6852 + pcDNA3 vector group, miR-6852 + pcDNA3-LEF1 group and miR-NC + pcDNA3-LEF1 group were also assessed. At 72 h, the OD450 value of A172 cells in the miR-6852 + pcDNA3 vector group was lower than that exhibited in the miR-NC + pcDNA3 vector group, miR-NC + pcDNA3-LEF1 group and miR-6852 + pcDNA3-LEF1 group (P<0.05; Fig. 5B ). In addition, the miR-6852 + pcDNA3 vector group exhibited a significant decline in the number of migrated and invasive cells when compared with those in the miR-6852 + pcDNA3-vector group (P<0.05; Fig. 5C and D) . The results indicated that LEF1 overexpression reversed the impaired proliferation, migration and invasion of A172 cells induced by miR-6852.
Discussion
Glioma is one of the most deadly malignancies worldwide (1). Currently, the standard treatment for glioma is surgical resection and adjuvant chemotherapy and radiotherapy (1). However, due to treatment resistance and tumor recurrence, these treatment strategies do not achieve the desired therapeutic effect (13) . The treatment of glioma is a clinical problem that requires urgent attention.
The understanding of the molecular pathology of glioma had led to the discovery of underlying mechanisms that are associated with glioma development and progression. Previous studies have demonstrated that in addition to a large number of coding genes, various non-coding genes (particularly miRNAs) are also associated with the regulation of glioma development (14, 15) . A study of 148 clinical specimens revealed a significant decrease in miR-424 expression in glioma tumor tissues compared with the corresponding adjacent normal tissues (14) . Results of an in vitro cell assay indicated the enhanced apoptotic ability and decreased invasive and migration abilities of glioma cells after miR-424 upregulation (14) . Overexpressed miR-130b was demonstrated to suppress glioma cell apoptosis by selectively targeting CYLD, which is associated with poor prognosis of patients with glioma (15) . Therefore, miR-130b was considered as an independent predictor of poor prognosis in patients with glioma (15) . In the current study, miR-6852 expression in glioma tissues and cells was decreased. High-grade glioma tissues exhibited lower miR-6852 expression than low-grade glioma tissues. Poudyal et al (11) revealed that the upregulation of miRNA-6852 could arrest cervical cancer cells at the G 2 /M phase and induce cell necrosis. Cui and Hong (9) demonstrated that miR-6852 expression was reduced in colorectal cancer and was closely associated with the metastasis and poor prognosis of patients. In vitro, colorectal cancer cell invasion and proliferation abilities and the proportion of cells in the S phase were significantly reduced after miR-6852 overexpression. This research also indicated that miR-6852 overexpression could suppress glioma cell proliferation, migration and invasion, while miR-6852 downregulation had the opposite effect.
LEF1 exerts an important regulatory role in the development of a variety of tissue types and its abnormal expression and dysfunction could lead to developmental disorders of tissues (16) (17) (18) . LEF1 is highly expressed in numerous animal embryonic tissues and its expression rapidly decreases as the individual matures (16) (17) (18) . However, previous research has demonstrated that LEF1 is upregulated in multiple tumor types. Fang et al (19) demonstrated that LEF1 is a novel oncogene that promoted hepatocellular carcinoma cell proliferation, invasion and migration abilities and self-renewal ability. Increased LEF1 expression was associated with advanced TNM stage, lymph node metastases and the reduced overall survival of patients with colorectal cancer (20) . Gao et al (21) revealed that, in glioblastoma multiforme, LEF1 silencing suppressed U251 cell proliferation, invasion and migration, indicating that LEF1 could be considered a novel treatment target for glioblastoma multiforme. In glioma, elevated LEF-1 expression was one of the hallmarks of malignant glioma, and this could be used as an important marker for malignant transformation (22) . It has been previously reported that LEF1 is associated with the signal transduction of Wnt/β-catenin downstream molecules. Previous studies have revealed that LEF1 binds to β-catenin to form a β-catenin/LEF complex, thereby promoting the expression of Wnt signaling pathway downstream molecules, including c-Myc and Cyclin D1 (23, 24) . LEF1 tumor expression was also mediated by miRNAs, including miR-218, miR-181a and miR-227 (23, 25, 26) . To the best of our knowledge, the current study revealed that LEF1 is directly inhibited by miR-6852 for the first time, and the overexpression of LEF1 reversed the impaired proliferation, migration and invasion of A172 cells induced by miR-6852.
In conclusion, the current study indicated that miR-6852 inhibited the proliferation, migration and invasion of glioma cells by inhibiting the expression of LEF1. Therefore, miR-6852 could be used as a novel biological target for the treatment of glioma. Subsequent data on how miR-6852 affects glioma should be obtained to provide a more reliable theoretical basis for this targeted glioma therapy.
